For some authors trabecular bone is highly visible in intraoral radiographs. For other authors, the observed intrabony trabecular pattern is a representation of only the endosteal surface of cortical bone, not of intermedullary striae. The purpose of this preliminary study was to investigate the true anatomical structures that are visible in routine dental radiographs and classically denoted trabecular bone. This is a major point for bone texture analysis on radiographs. Computed radiography (CR) images of dog mandible section in molar region were compared with simulations calculated from high-resolution micro-CT volumes. Calculated simulations were obtained using the Mojette Transform. By digitally editing the CT volume, the simulations were separated into trabecular and cortical components into a region of interest. Different images were compared and correlated, some bone micro-architecture parameters calculated. A high correlation was found between computed radiographs and calculated simulations from micro-CT. The Mojette transform was successful to obtain high quality images. Cortical bone did not contribute to change in a major way simulated images. These first results imply that intrabony trabecular pattern observed on radiographs can not only be a representation of the cortical bone endosteal surface and that trabecular bone is highly visible in intraoral radiographs.
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INTRODUCTION
Radiography is a noninvasive and/or nondestructive technique which can provide structural information about bone. Bone texture analysis 1,2 on a radiograph is supposed to give informations about trabecular bone microarchitecture. But, what do we really see on a bone radiograph? On a dental X-ray image, maxillar and mandible bone is visible around the teeth. The purpose of this study is to investigate the true anatomical structures that are visible in routine dental radiographs and classically denoted trabecular bone. For some authors real trabecular bone is highly visible in intraoral radiographs 3, 4 . For other authors, the intrabony trabecular pattern observed is a representation of the endosteal surface of cortical bone, not of intermedullary striae 5, 6, 7, 8, 9 . Our ultimate goal is then to characterize the correlation between the radiograph and the micro CT scan data to label each pixel or voxel either as trabecular or cortical bone.
MATERIALS AND METHODS

Digital radiographs
A dog (Beagle) mandible section in molar regions with one tooth was used as model experiment. Digital radiographs (DR) were performed using classical dental Kodak RVG system (digital radiography system, Kodak, Rochester, NewYork, USA, figure 1 ) and D3A medical systems radiograph (digital radiography system, D3A, Orléans, France, figure 2). A Region Of Interest (ROI) including trabecular and cortical bone was determined between tooth roots. We used also radiographs performed by micro Computed Tomography (µCT). 
Micro Computed-Tomography
Using a high-resolution µ-CT (Skyscan 1072, Kontich, Belgium, voxel size about 19µm), 3Dimension (3D) image of the ROI was created (figure 3) from the same sample. From about 275 radiographs, µ-CT created 1007 slices from 3D volume. The ROI contains about 137 slices. Computed radiography (CR) images of the mandible section were compared with simulations calculated from µ-CT.
Calculated simulated radiographs
Calculated simulations were obtained using the Mojette Transform 10 by Digital Radiograph Reprojection (DRR) from the 3D ROI as depicted in figure 4 . When rq is non zero, the generic parallel Mojette projector obeys to:
where P 32 is a 3x2 projection matrix of direction (p,q,r), (b 1 ,b 2 ) is the digital position of a bin onto the radiograph and (k,l,m) the voxel position. In this problem, we manage the experimental situation to reduce the (p,q,r) projection angle to equal (1,0,0) which leads to the simplified equation: By digitally editing the CT volumes, the simulations were separated into trabecular and cortical components into a 3D ROI which was also reprojected. The separation into trabecular and cortical components on the 137 slices was obtained using two ways: line sections at the junction cortical-trabecular bone and individualized section (human drawing on several images, computed drawing on others images using interpolation as results in figure 5 ). Figure 5 Individualized section of trabecular bone on several slices (human drawing and interpolation)
The Mojette parallel projector was used to obtain several images from portions of the 3D ROI (the rest of the 3D volume is set to zero) : 
Correlation between radiographs et simulated images obtained using the Mojette Transform
To assess the abilities of the Mojette Transform in performing calculated images similar to radiographs, radiograph of the ROI was compared to full bone (cortical and trabecular bone) image of the ROI computed by the Mojette Transform. Subtraction on images and linear correlation were used. In the same way, we compared radiograph of the ROI and the addition of two images of the ROI simulated by Mojette Transform : image of trabecular bone and image of cortical bone. 
Bone microarchitecture parameters
Bone microarchitecture parameters on the trabecular zone of the ROI were calculated using µCT software (CT AN, Skyscan 1072, Kontich, Belgium).
Evaluation of trabecular bone patterns on dental radiographic images
We used comparison between images to evaluate trabecular bone patterns and determinate the influence of cortical bone. All simulated images were compared to full bone (cortical and trabecular bone) image (similar to a dental radiograph). Linear correlation coefficient was performed.
RESULTS
Calculated simulated radiographs using the Mojette Transform
About 35 different images, radiographic calculated simulations, were obtained using the Mojette Transform on the ROI (figure 8).
BONE (cortical + trabecular) TRABECULAR BONE CORTICAL BONE No difference could be pointed out between radiograph of the ROI and full bone (cortical and trabecular bone) DRR of the ROI: Subtraction on images gave a perfect black image (all pixels to 0) and linear correlation was 1. Comparison between radiograph of the ROI and the addition of two images of the ROI simulated by Mojette Transform (trabecular bone and image of cortical bone image section at position 0) gave exactly the same results. The Mojette transform was successfull to obtain high quality reprojected images similar to radiographs.
From a visual evaluation, images of trabecular bone and images of full bone without the 2 junction zones trabecularcortical always appeared to be nearly similar to ROI radiograph. Cortical bone images or junction bone images did not appear to be similar to ROI radiograph. Table 1 presents the bone microarchitecture parameters of the trabecular zone of the ROI. Table 1 Bone microarchitecture parameters from µCT. 
Bone microarchitecture parameters
Linear correlation with the full bone image
DISCUSSION
A high correlation was found between radiographs and calculated simulations from micro-CT (linear correlation=1, perfect black issued from images subtraction). The used of Mojette Transform was successful and allowed us to compare the images obtained by parallel rays DRR to determinate the influence of cortical bone.
We used Beagle dog mandible section because this bone is very similar to human mandible bone 11 . The trabecular part of the ROI presents a high density bone with 68 % bone (volume), a low trabecular separation (0.5mm) and an important trabecular thickness (0.65mm). These calculated bone microarchitecture parameters in the ROI could be found in some human mandible.
According to the visual evaluation, we obtained a better linear correlation coefficient with trabecular bone images than with cortical bone images (typical 0.97 versus 0.75 with section line method or 0.88 versus 0.74 with individualized section method) or than with trabecular-cortical junction zone (including cortical bone endosteal surface) images (typical 0.97 versus 0.75). On full bone images, the suppression of the 2 junction zones did not decrease highly the linear correlation coefficient (typical 0.96). In all cases, results with the different line sections showed that the linear correlation decreases when trabecular bone decreases. In the same way, in the steps of trabecular bone suppression, linear correlation decreases slowly on trabecular bone images according to the poor linear correlation of junction zone. Cortical bone or junction zone between trabecular and cortical bone did not contribute to change in a major way simulated images. These results of this preliminary study may imply that:
-intrabony trabecular pattern observed on radiographs can not only be a representation of the cortical bone endosteal surface, -cortical bone do not really change the image on the radiograph, -trabecular bone is highly visible in intraoral radiographs.
It has been shown that the analysis of two dimensional (2D) bone X-ray images is a good way for quantifying alterations in the three dimensional bone micro-architecture. Nonetheless, the 2D actual measurement is not a direct assessment of the 3D bone properties 12 . These results allows for completing the analysis between the 2D radiographs that can be obtained in a routine manner from patients and the 3D underlying bone structure.
CONCLUSION
The Mojette transform was successfully employed to obtain high quality reprojected images (parallel rays DRR) and could be used in 2D and 3D medical images for bone texture analysis. Links between 2D radiographs and 3D micro CT for bone characterization have already been studied. However, the digital tools used here and the high correlations obtained allows for optimistic future characterization on alive bone through only radiographs. According to this work, cortical bone or cortical bone endosteal surface are poorly visible in intraoral radiographs. Intermedullary striae and trabecular bone are highly visible and permit efficient texture analysis. The knowledge of bone anatomical structures which are visible in digital reprojected radiographs is useful for a future better 3D bone analysis.
